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Isotibolone is frequently found as an impurity in tibolone, a drug used for hormone reposition of post-
menopause women, due to some inadequate tibolone synthesis or as a result of degradation during drug
storage. The presence of isotibolone impurities should be detected and quantified in active
pharmaceutical ingredient products of tibolone before its use in the manufacturing of medicaments.
The X-ray powder diffraction technique offers the possibility of quantifying isotibolone amounts at
different stages of drug production and storage, from the chemical synthesis to the final formulation. In
the course of a study involving the quantitative analysis of isotibolone by X-ray powder diffraction, the
authors determined the structure of the title compound using a recently developed approach (A. Gomez
and S. Kycia, J. Appl. Crystallogr. 2011, 44, 708–713). The structure is monoclinic, space group P21 (4),
with unit cell parameters a¼ 6.80704(7) A, b¼ 20.73858(18) A, c¼ 6.44900(6) A, b¼ 76.4302(5), V¼
884.980(15) A3 and two molecules per unit cell (Z ¼ 2). The molecules are hydrogen bonded in the ab
plane forming layers that are held together in the crystal by van der Waals interactions along the c-axis.
Introduction
Tibolone is a synthetic steroid used to relieve hypo-oestrogenic
symptoms and to protect against bone loss in post-menopausal
women. Isotibolone, (7a,17b)-17-ethynyl-17-hydroxy-7-methy-
lestr-4(5)en-3-one, (D4 isomer or Org OM38) (Fig. 1a), is formed
directly from tibolone or from its metabolites and it functions as
a progestagenic in endometrial tissue, whereas in the brain and
liver it has androgenic effects.1,2 Albeit the good references about
the beneficial action of isotibolone, its effects take place only
when metabolized, and its presence is not desired in raw mate-
rials and tablets.
Isotibolone is also considered as the major degradation
product of tibolone.3 Such transformation consists of an
isomerization mechanism that involves the rearrangement of
the double bond in the A-ring from carbon atoms C(1)–C(2) to
C(3)–C(2) (Fig. 1a).4 The isomer is formed when tibolone is
exposed to high temperatures and/or acidic conditions. The
potential for significant degradation of tibolone to isotibolone
Fig. 1 (a) Molecular scheme of isotibolone, (7a,17b)-17-ethynyl-17-
hydroxy-7-methylestr-4(5)en-3-one, and (b) chemical drawing of the
model minimized during the structure determination. Arrows denote
the torsion angles varied in order to account for the flexibility of the
molecule.
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makes it difficult to formulate and provide a pharmaceutical
composition with acceptable life-time storage for a marketed
product.
The allowed maximum limit for isotibolone in the tibolone raw
material is set to 0.5% according to supplement 2007 of the
European Pharmacopoeia (EP 1121375).5 A problem to be
solved, according to the EP 1121375, is the fact that the iso-
tibolone amount increases during the dosage-unit preparation.
The specification with respect to the maximum content of iso-
tibolone at the end of the shelf-life storage is 5% and a minimum
acceptable shelf-life period for these dosage units is 1 year.6
X-Ray powder diffraction and the Rietveld method are
powerful tools for the characterization of pharmaceuticals and
they had been successfully used in the analyses of carbamaze-
pine,7,8 D-mannitol,9 paracetamol,10 mebendazole,11 propylth-
iouracil,12 among others. X-Ray powder diffraction has the
advantage of quantifying polymorph amounts at different
stages of drug production and storage, from the chemical
synthesis to the final formulation. The Rietveld method,
however, requires the knowledge of the crystal structure of all
crystalline phases present in the powder. In particular, it is
useful to quantify the isotibolone content in raw materials of
tibolone.
This contribution presents the ab initio structure determina-
tion, using a recently developed approach,13 from powder
diffraction data of isotibolone, and the Rietveld refinement using
X-ray diffraction data from a high-resolution Stoe Stadi-P
diffractometer using a CuKa1 sealed tube. Although the most
decisive technique to determine the crystal structure of materials
is the single crystal technique, the X-ray powder diffraction has
been successfully employed as an alternative in the solution of
small organic molecules.
Experimental section
Sample preparation
The isotibolone sample used for the crystal structure determi-
nation was obtained by isomerization of a commercial tibolone
sample. Tibolone was solubilized in acetone and the solution
was heated under reflux in strong acid media (concentrated
hydrochloric acid) for 4 hours in order to achieve the complete
isomerization. The solution was cooled down and the precipi-
tated isotibolone was filtered and dried. The characterization of
the so obtained isotibolone was carried out by Elemental
Analysis (EA), Thermal Analysis (TG/DSC) and Fourier-
Transform Infrared (FTIR) spectroscopy and it is presented
elsewhere.14
Conventional X-ray powder diffraction
X-Ray powder diffraction data were collected in transmission
geometry, using a Stoe Stadi-P powder diffractometer with
monochromatic CuKa1 radiation selected by a curved Ge(111)
crystal. The sample was loaded in a 0.3 mm diameter borosil-
icate glass capillary. The diffracted intensities were collected in
the range from 2 to 78 (2q) in step-scan mode with step sizes
of 0.01 and a counting time of 30 s using a position sensitive
detector.
Results and discussion
Indexing and structure determination
Indexing of the X-ray powder diffraction pattern was carried out
by using the program Topas Academic v4.1.15,16A recent Genetic
Algorithm code implemented by Gomez and Kycia13 was used to
determine the position and orientation of the isotibolone mole-
cule and the 8 torsion angles optimized in order to obtain the
satisfactory molecular conformation (Fig. 1b). The structure
determination was carried out not on the full powder pattern
(7600 data points) but on a smaller set of 164 selected data points
that contains a significant amount of structural information. The
structure was solved after 2  106 Monte Carlo cycles followed
by 250 Genetic Algorithm generations, with atoms lying less than
0.1 A away from the final positions.
The background was fitted using a 20-term Chebyshev poly-
nomial. The peak asymmetry was fitted by the simple axial
divergence model of Cheary and Coelho.17,18 The peak profiles
were modeled by the Double-Voigt approach15,19 with aniso-
tropic peak broadening adjusted using spherical harmonics.20
Unit cell parameters, Gauss and Lorentz size broadening and
peak asymmetry were refined together with non-hydrogen
atomic coordinates constrained to distances and angle mean
values obtained from the Mogul Cambridge Structure Databank
System.21 Although the hydrogen atoms were added considering
the orbital geometry using the Mercury software program22 and
their isotropic atomic displacements (Biso) were constrained to be
1.2 times the value of the respective atoms to which they are
connected, their fractional coordinates were refined taking into
Table 1 Details from the Rietveld refinement of the crystal structure of
isotibolone. Crystal Data—isotibolone
Chemical formula C21H28O2
Formula weight/g mol1 312.43
Crystal system Monoclinic
Space group P21 (no. 4)
a, b, c/A 6.80704(7), 20.73858(18),
6.44900(6)
b/ 76.4302(6)
Volume/A3 884.980(15)
Z, Z0 2, 1
rcalc/g cm
3 1.17255(2)
rmeas/g cm
3 1.1467(25)
Data collection
Diffractometer Stoe Stadi-P CuKa1
sealed tube
Monochromator Ge(111)
Wavelength/A 1.54056
2q range/ 2–78
Step size/ 0.01
Time per step/s 30
Refinement
Number of data points 7600
Number of contributing reflections 394
Number of distance constraints 54
Number of refined parameters
Structural parameters 96
Profile parameters 12
Rexp (%) 1.928
Rwp (%) 3.496
RBragg (%) 2.044
S 1.813
d-DW 0.445
This journal is ª The Royal Society of Chemistry 2012 CrystEngComm, 2012, 14, 2826–2830 | 2827
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account a macro implemented in Topas that ‘‘rides’’ (restrains
the distances between hydrogen and neighboring atoms) the H
atoms to the ones with which they are associated. Initially, its
fractional coordinates were inserted as the ones provided by
Mercury. Then, taking into account the mean bond distance
values found in Mercury (C–H ¼ 0.96 A and O–H ¼ 0.99 A), the
refinement was performed, thus providing the final atomic
coordinates of all atoms. With this procedure, a better Rietveld
refinement could be obtained. Final refinement indexes are pre-
sented in black. Vertical bars indicate Bragg reflections.
Refinement
After the structure determination procedure, the Topas
Academic v4.1 software program15 was used to perform a Riet-
veld refinement. Having obtained profile terms and unit cell
parameters, which were not allowed to vary during the
subsequent refinement cycles, soft restraints were applied to
bond distances and angles in weights of 0.2 A and 1, respec-
tively, as well as soft planar group restraints to all rings. Weights
were kept fixed until the final refinement cycle, when they were
decreased but not removed. Corrections to preferred orientation
of the crystals as well as anisotropic broadening of the peaks to
account for microstrain were also employed. The final refined
values for unit cell parameters were: a ¼ 6.80704(7) A, b ¼
20.73858(18) A, c ¼ 6.44900(6) A, b ¼ 76.4302(5), V ¼
884.980(15)A3,Z¼ 2,Z0 ¼ 1, rcalc¼ 1.17255(2) g cm3, obtained
from the unit cell formula weight, rmeas ¼ 1.1467(25) g cm3
obtained by means of a picnometric measurement.‡ It should be
mentioned that the b angle is indicated as a non-standard
representation of the P21 space group. R factors and goodness of
fit indicators are presented in black. Vertical bars indicate Bragg
reflections (Table 1).
The Durbin–Watson d statistics23 is quite low, indicating that
the standard deviations are underestimated. There is no adequate
physical model to correct the standard deviation values in the
Rietveld method, to make them representative of the repetition
of the experiment.
Fig. 2 shows the final Rietveld plot. Table 2 displays some
selected hydrogen bond distances. Final atomic coordinates,
bond distances, angles and torsions are available as the ESI†.
Fig. 2 Plot from the final Rietveld refinement with bond-distance restraints. (Black) crosses represent observed data, the straight (red) lines are the
calculated profile and their difference (blue line) is shown at the bottom. (Black) vertical bars indicate Bragg reflections.
Table 2 Classical (first) and non-classical intermolecular hydrogen
bonds distances for isotibolone. ‘‘D’’ and ‘‘A’’ are, respectively, hydrogen
donor and acceptor
D–H/A D–H/A H/A/A D/A/A D–H/A/
O(23)–H(50)/O(6)a 0.993(5) 1.968(5) 2.959(5) 176.3(3)
C(14)–H(40)/O(6)a 0.959(5) 2.586(5) 3.385(5) 140.9(3)
C(22)–H(51)/O(6)b 0.968(7) 2.353(6) 3.232(6) 150.7(5)
a Symmetry: 1  x, 1/2 + y, 2  z. b Symmetry: 2  x, 1/2 + y, 2  z.
‡ Unit cell parameters as well as goodness-of-fit indicators and R factors:
a¼ 6.80704(7) A, b¼ 20.73858(18) A, c¼ 6.44900(6) A, b¼ 76.4302(5),
V ¼ 884.980(15) A3, Z ¼ 2, Z0 ¼ 1 and rcalc ¼ 1.17255(2) g cm3, c2 ¼
1.845, RBragg ¼ 2.061%, Rwp ¼ 3.557% and Rexp ¼ 1.928%.
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Structure
The validation of the isotibolone structure was performed with
the PLATON24 software program. Tables of bond distances and
angles are available as the ESI†.
The crystal structure of isotibolone is comprised by one
molecule in the asymmetric unit (Z0 ¼ 1), shown in Fig. 3a as an
ORTEP-3 drawing.25 The view of molecules packing along the c-
axis (Fig. 3b) shows that the intermolecular hydrogen bonds
form a 2D network in the ab plane. Interatomic distances for one
classical, O(23)–H(50)/O(6), and two non-classical intermo-
lecular hydrogen bonds, C(14)–H(40)/O(6) and C(22)–H(51)/
O(6), are shown in Table 2. The layers are held together in the
crystal by means of van der Waals interactions.
There are major differences in the conformation of the A and B
rings in isotibolone with respect to tibolone. Such differences can
be explained by the rearrangement of the double bond in the A-
ring from carbon atoms 2–1 to 3–24 occurring during the tibolone
isomerization. In the case of tibolone, the double bond linking
C(2) and C(1) forces four of the carbons in rings A and B to be
coplanar, favoring a half-chair conformation for both rings.26 In
ring A the out-of-plane atom is C(4), which makes the oxygen
atom bound to it stick considerably out of the ring plane. In
isotibolone the double bond is linking C(3) and C(2) and no
planar restrictions are applied to ring B, which is then free to
adopt a more favorable chair conformation. Ring A, on the other
hand, is still forced into a half-chair conformation, but in this
case is C(11), and not C(4) (and the oxygen bond to it—O(6)),
which is out of the ring plane.
Analyses on least squares plane calculation on three 6-
membered (rings A, B and C, displayed in Fig. 1a) and one 5-
membered (ring D, in Fig. 1a) rings revealed that atoms C(11),
C(9), C(16) and C(15) are, respectively, the most deviating ones
from perfect planar rings. The highest deviations from the least-
squares plane passing through those rings are 0.309(4) A for
C(11), 0.256(3) A for C(9), 0.255(3) A for C(16) and 0.314(2)
A for C(15). The root mean square errors (rmse) of contributing
atoms, for each ring displayed in Fig. 1a, i.e., A, B, C and D, are
all equal to 0.003 A, indicating slight deviations from almost
planar systems.
Conclusions
Conventional X-ray powder diffraction data and a newly
implemented Genetic Algorithm code were successfully
employed in the crystal structure determination of isotibolone,
which was finally refined by the Rietveld method. Very confident
analyses of the molecular geometry were substantiated by means
of both the MOGUL knowledge base implemented in the
Cambridge Structural Database and PLATON. Quantitative
phase analyses of tibolone raw materials that may exhibit iso-
tibolone can now be performed unambiguously.
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